In the present study, we describe the existence of a novel potassium channel in the plant [potato (Solanum tuberosum) tuber] mitochondrial inner membrane. We found that substances known to modulate large-conductance calciumactivated potassium channel activity influenced the bioenergetics of potato tuber mitochondria. In isolated mitochondria, Ca 2+ and NS1619 {1,3-dihydro-1-[2-hydroxy-5-(trifluoromethyl)phenyl]-5-(trifluoromethyl)-2H-ben-zimidazole-2-one; a potassium channel opener} were found to depolarize the mitochondrial membrane potential and to stimulate resting respiration. These effects were blocked by iberiotoxin (a potassium channel inhibitor) in a potassium-dependent manner. Additionally, the electrophysiological properties of the large-conductance potassium channel present in the potato tuber inner mitochondrial membrane are described in a reconstituted system, using planar lipid bilayers.
In the present study, we describe the existence of a novel potassium channel in the plant [potato (Solanum tuberosum) tuber] mitochondrial inner membrane. We found that substances known to modulate large-conductance calciumactivated potassium channel activity influenced the bioenergetics of potato tuber mitochondria. In isolated mitochondria, Ca 2+ and NS1619 {1,3-dihydro-1- [2-hydroxy-5-(trifluoromethyl) phenyl]-5-(trifluoromethyl)-2H-ben-zimidazole-2-one; a potassium channel opener} were found to depolarize the mitochondrial membrane potential and to stimulate resting respiration. These effects were blocked by iberiotoxin (a potassium channel inhibitor) in a potassium-dependent manner. Additionally, the electrophysiological properties of the large-conductance potassium channel present in the potato tuber inner mitochondrial membrane are described in a reconstituted system, using planar lipid bilayers.
After incorporation in 50/450 mM KCl gradient solutions, we recorded large-conductance potassium channel activity with conductance from 502 + − 15 to 615 + − 12 pS. The probability of channel opening was increased by Ca 2+ and reduced by iberiotoxin. Immunological analysis with antibodies raised against the mammalian plasma-membrane large-conductance Ca 2+ -dependent K + channel identified a pore-forming α subunit and an auxiliary β2 subunit of the channel in potato tuber mitochondrial inner membrane. These results suggest that a large-conductance calcium-activated potassium channel similar to that of mammalian mitochondria is present in potato tuber mitochondria.
INTRODUCTION
Mitochondria play an important role in energy metabolism within the cell. In addition to this canonical function, mitochondria are involved in intracellular signalling. Recently, potassium transport through the mitochondrial inner membrane was found to play a central role in the cytoprotection of various mammalian cell types [1, 2] . This transport is strictly ion-channel-dependent. Similarly to the plasma membrane, potassium-selective ion channels are found in the mitochondrial inner membrane [3] [4] [5] . Potassium ions control mitochondrial metabolism, primarily via a regulation of matrix volume [6] . The biophysical and pharmacological properties of mitochondrial potassium channels are similar to some of the potassium channels present in the plasma membrane of various mammalian cell types, for example mitoK ATP channels (mitochondrial ATP-sensitive potassium channels) [7] , mitoBK Ca channels (mitochondrial large-conductance Ca 2+ -activated potassium channels) [8] and voltage-dependent potassium Kv1.3 channels [9] .
In plant mitochondria, the existence of different energy-dissipating systems is necessary for metabolic regulation [10] . Plant mitochondria (but not animal mitochondria) contain AOX, an alternative oxidase that catalyses ubiquinol:oxygen oxidoreduction without H + release into the cytosol, thus dissipating the redox potential energy [11, 12] . Similarly to animal mitochondria, plant mitochondria contain PUMP (plant uncoupling mitochondrial protein), which dissipates a proton electrochemical gradient by mediating re-entry of H + into the mitochondrial matrix in the presence of unbound fatty acids [13] . Another energy-dissipating system present in plant mitochondria (as in animal mitochondria) is the ATPsensitive potassium channel mitoK ATP , which mediates an electrophoretic K + uniport, probably working together with an electroneutral K + /H + exchanger [14] [15] [16] [17] . Descriptions of the plant mitoK ATP channel have been based mainly on studies of isolated mitochondria in which the influence of K + entry into the mitochondrial matrix on membrane potential ( ) dissipation and mitochondrial swelling were assessed. The plant mitoK ATP channel seems to be sensitive to the same potassium channel modulators as the mammalian mitoK ATP channel. In durum wheat (Triticum durum) and pea (Pisum sativum) mitochondria, the mitoK ATP channel is activated by diazoxide and GTP, and its activity is inhibited by glyburide and 5-hydroxydecanoate (in pea mitochondria) [14, 16, 18] . Moreover, the plant mitoK ATP appears to be stimulated by cyclosporin A and regulated by dithiol-disulfide interconversion, H 2 O 2 and NO [15, 16, 19] . On the other hand, an ATP-insensitive, quinine-inhibited potassium import pathway has been described in potato (Solanum tuberosum), tomato (Solanum lycopersicon) and maize (Zea mays) mitochondria [20] .
So far, there has been no information about other possible plant mitochondrial potassium channels, such as the mitoBK Ca channel described in animal mitochondria. Therefore, the aim of the present study was to search for a mitoBK Ca channel in plant mitochondria and to determine the bioenergetic consequences of its activation. For this purpose, we studied the effects of BK Ca channel (plasma membrane large-conductance Ca 2+ -activated
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potassium channel) activators {Ca 2+ , NS1619 1,3-dihydro-1-[2-hydroxy-5-(trifluoromethyl)phenyl]-5-(trifluoromethyl)-2H-benzimidazole-2-one} and inhibitor [IbTx (iberiotoxin)] on and respiration in isolated potato tuber mitochondria. Moreover, measurements of the electrophysiological properties of a single mitoBK Ca channel in a reconstituted system were carried out and immunological detection experiments were performed to confirm the discovery of a plant mitoBK Ca channel.
EXPERIMENTAL Chemicals
L-α-Phosphatidylcholine (as asolectin), NS1619 and n-decane were purchased from Sigma-Aldrich, and IbTx was from Bachem. All other chemicals were of the highest purity commercially available. NS1619 was dissolved in methanol, and IbTx in water.
Isolation of mitochondria
Potato tubers were purchased from the local supermarket. Peeled potato tubers (1 kg) were homogenized in a blender in 1 litre of ice-cold medium consisting of 0.35 M mannitol, 3 mM EDTA, 3 mM EGTA, 6 mM cysteine, 0.1 % BSA and 25 mM NaH 2 PO 4 /Na 2 HPO 4 buffer. The pH was adjusted to 8.0 with NaOH. The crude extract was quickly filtered through cheesecloth, and the filtrate was centrifuged at 1000 g for 10 min. The supernatant was further centrifuged at 11 000 g for 20 min. The pellet of crude mitochondria was washed with medium consisting of 0.35 M mannitol, 1.5 mM EGTA, 0.1 % BSA and 10 mM NaH 2 PO 4 /Na 2 HPO4 buffer, pH 6.8, and centrifuged again at 1000 g for 5 min and then at 11 000 g for 20 min. Mitochondria were subsequently purified on a selfgenerating 22 % Percoll gradient (at 40 000 g for 30 min). Purified mitochondria were washed twice in the same medium without EGTA and BSA. The mitochondrial protein concentration was determined by the biuret method.
Preparation of membrane fractions
To obtain SMPs (submitochondrial particles), mitochondria were isolated as above, but with media containing potassium salts. Freshly prepared mitochondria were diluted to approx. 8 mg of protein/ml with 0.3 M sucrose and 10 mM Hepes/KOH, pH 7.2, and subsequently frozen at − 20
• C. After thawing, the suspension was sonicated six times for 30 s using sonifier UD-11 (TechPan, Poland) at its maximal output. Then, the suspension was centrifuged at 12 000 g for 15 min to pellet the unbroken mitochondria. The supernatant was centrifuged at 200 000 g (2 h) to pellet SMPs. Fractions of SMPs, which are the mitochondrial-inner-membraneenriched fractions, were resuspended in 0.3 M sucrose and 10 mM Hepes/KOH, pH 7.2, at a concentration of 5 mg of protein/ml.
To obtain a plasma-membrane-enriched fraction, the supernatant from the first 11 000 g centrifugation during mitochondria isolation was centrifuged at 100 000 g for 1h. The pellet was resuspended in 0.3 M sucrose and 10 mM Hepes/KOH, pH 7.2.
PLM (planar lipid membrane) measurements
Experiments were performed with potato tuber SMPs, as described previously [21] [22] [23] . In brief, PLMs were formed in a 250-μm-diameter hole drilled in a Delrin cup (Warner Instruments), which separates the two chambers (cis and trans, each with a 1 ml internal volume). The chambers contained 50/450 mM KCl (trans/cis) and 20 mM Tris/HCl solutions, pH 7.2. The outline of the aperture was coated with a lipid solution and N 2 dried prior to bilayer formation to improve membrane stability. PLMs were painted using asolectin in n-decane at a final concentration of 25 mg of lipid/ml. SMPs (approx. 3 μg of protein/ ml, 0.5-1.5 μl/reconstitution) were added to the trans compartment (see Figure 5A ). All measurements were carried out at room temperature (∼ 25
• C). Formation and thinning of the bilayer were monitored by capacitance measurements and optical observations. Final accepted capacitance values ranged from 120 to 230 pF. Electrical connections were created using Ag/AgCl electrodes and agar salt bridges (3 M KCl) to minimize liquid junction potentials. Voltage was applied to the cis compartment of the chamber, and the trans compartment was grounded. The current was measured using a bilayer membrane amplifier (BLM-120; BioLogic). Signals were low-pass-filtered at 500 Hz. The current was digitized at a sampling rate of 100 kHz (A/D converter PowerLab 2/20, ADInstruments) and transferred to a personal computer for off-line analysis by Chart version 5.5.5 (PowerLab ADInstruments) and pCLAMP10.2 (Axon Instruments). The pCLAMP10.2 software package was used for data processing. The channel recordings presented are representative of the most frequently observed conductance values under the given conditions. Ion conductance was calculated from the linear regression of the points in the current-voltage relationship using the GraphPad Prism 4 program.
Mitochondrial oxygen consumption
Oxygen uptake was measured polarographically with a Clarktype oxygen electrode (Rank Brothers) in 3 ml of standard incubation medium (25 • C) consisting of 0.35 M mannitol, 3 mM NaH 2 PO 4 , 1 mM MgCl 2 , 10 mM Tris/HCl, 10 mM Mes, pH 6.8, and 0.1 % BSA. Changes in the composition of the incubation medium are described in the Figure legends. Measurements were performed with 0.8-1 mg of mitochondrial protein in the presence of 1.5 mM benzohydroxymate (an inhibitor of AOX), 0.14 mM ATP (to activate succinate dehydrogenase), 1.8 μM carboxyatractylozide (to exclude ATP/ADP antiporter activity) and 10 mM glibenclamide (to inhibit the mitoK ATP channel). Succinate (5 mM) plus rotenone (2 μM) was used as a respiratory substrate. Respiratory rate measurements were performed in the absence of added ADP, i.e. in the resting state (State 4). State 3 (phosphorylating) respiration measurements were performed to check the coupling parameters. Only high-quality mitochondria preparations, i.e. with an ADP/O value of around 1.40 and a respiratory control ratio of around 2.5-3 (with succinate), were used in all experiments. O 2 uptake values are presented in nmol of O · min −1 · mg of protein −1 .
Mitochondrial-membrane-potential measurements
The was measured simultaneously with oxygen uptake using a TPP + (tetraphenylphosphonium)-specific electrode as described by Kamo et al. [24] . Measurements were performed in the presence of 6 μM TPP + . To calculate the value, the matrix volume of potato tuber mitochondria was assumed to be 2.0 μl · mg of protein −1 . The calculation assumes that the TPP + distribution between mitochondria and medium followed the Nernst equation. Corrections were made for TPP + binding to mitochondrial membranes. Values of are presented in mV.
SDS/PAGE and immunoblotting
Samples of isolated mitochondrial proteins, SMPs or the plasmamembrane-enriched fraction were solubilized in sample buffer containing 2 % (w/v) SDS, 50 mM Tris/HCl (pH.6.8), 10 % (v/v) glycerol, 0.004 % (w/v) Bromophenol Blue and 8 % mercaptoethanol, and then boiled for 4 min. Proteins were separated in SDS/12.5 % polyacrylamide gels, and then electrotransferred to a nitrocellulose membrane. Membranes were then hybridized with anti-K Ca 1.1 and anti-sloβ2 antibodies (APC-107 and APC-034; Alomone) at dilutions of 1:500 or 1:200 respectively, in the presence or absence of blocking peptide. Cross-reactivity was also checked with antibodies raised against a plant plasmamembrane H + -ATPase (at a dilution of 1:1000). Protein detection was achieved with secondary antibodies linked to horseradish peroxidase (at a dilution of 1:20000) and the ECL ® (enhanced chemiluminescence) system. Protein content was determined by the Bradford method using Bio-Rad equipment.
RESULTS

Effect of potassium-channel modulators on respiratory rate and membrane potential in isolated potato tuber mitochondria
To investigate the possible effects of Ca 2+ on the potassium permeability of isolated potato tuber mitochondria, we measured mitochondrial resting (non-phosphorylating) respiration and in potassium-containing medium in the presence of different Ca 2+ concentrations, using succinate as an oxidizable substrate ( Figure 1 ). An example of simultaneous measurements of the respiratory rate and is shown in Figure 1 (A). Addition of Ca 2+ up to a concentration of 1 mM caused an increased respiration rate of up to 20 + − 2 % in the absence of 1.5 μM IbTx, and up to 5 + − 3 % in its presence (n = 4, mean + − S.D.) ( Figure 1C ). At the same time, decreased after addition of Ca 2+ by up to 6.8 + − 0.5 mV and 0.7 + − 0.4 mV in the absence and presence of IbTx respectively (n = 4, mean + − S.D.) ( Figure 1D ). Thus, the inhibitor previously described as specific for the mammalian large-conductance potassium channel [1, 2] considerably blocks Ca 2+ -induced respiration and depolarization in isolated potato tuber mitochondria. These results suggest that Ca 2+ stimulates IbTx-sensitive K + flux into potato tuber mitochondria, decreasing and thus accelerating the mitochondrial respiration rate. This indicates that the mitoBK Ca channel is present in potato tuber mitochondria. The Ca 2+ -induced IbTx-sensitive respiratory rate (i.e. the difference between the respiratory rate in the presence of Ca 2+ and the rate in the presence of Ca 2+ plus inhibitor) should represent mitoBK Ca channel activity (i.e. the channel-mediated K + flux). This activity, as measured using various Ca 2+ concentrations ( Figure 1B) , revealed that 50 % of the maximal stimulation (S 0.5 ) by Ca 2+ is reached at 0.45 mM, as calculated from the linear regression of a double-reciprocal plot ( Figure 1B, inset) . A similar value was attained when the Ca 2+ -induced IbTx-sensitive depolarization of compared with the Ca 2+ concentration was analysed (results not shown). The partial insensitivity of Ca 2+ -induced respiration and depolarization to IbTx observed in potato tuber mitochondria is probably related to electrophoretic Ca 2+ influx pathways present in some plant mitochondria [25] or permeability transition opening [26] .
The potassium channel opener NS1619, previously described to be specific for the mitoBK Ca channel [1, 2] , was also used in our studies. Similarly to calcium ions, NS1619 stimulates mitochondrial resting oxygen uptake and decreases mitochondrial resting ( Figure 2 ). An example of the effect of increasing concentrations of NS1619 on respiratory rate and is shown in Figure 2(A) . Addition of NS1619 up to 40 μM resulted in an increase in the rate of respiration up to 100 + − 6 % and 53 + − 7 % (n = 6, mean+ − S.D.) in the absence and presence of 1.5 μM IbTx respectively ( Figure 2C ). At the same time, decreased after addition of up to 40 μM NS1618 by up to 18.1 + − 2 mV and 10.6 + − 1.3 mV (n = 6, mean + − S.D.) in the absence and presence of IbTx respectively ( Figure 2D ). Thus, IbTx partially blocks (by approx. 50 %) NS1619-induced respiration and depolarization in isolated potato tuber mitochondria. When compared with the effect of IbTx on Ca 2+ -induced respiration and depolarization (Figure 3 ), this could indicate a nonspecific uncoupling effect of NS1619 on isolated potato tuber mitochondria rather than low sensitivity of the channel to IbTx. Similarly, the sensitivity of NS1619-induced respiration and depolarization to the mitoBK Ca channel blockers (IbTx, charybdotoxin and paxilline) in some mammalian isolated mitochondria is not complete [27] [28] [29] [30] . Nevertheless, we can conclude that, in potato tuber mitochondria, NS1619 stimulates IbTx-sensitive K + flux, decreases , and thus accelerates the mitochondrial respiration rate, further indicating the presence of the mitoBK Ca channel activity. The NS1619-induced IbTxsensitive respiratory rate (i.e. the difference between the respiratory rate in the presence of the modulator and the rate after addition of the inhibitor) measured at various NS1619 concentrations revealed that 50 % of maximal stimulation (S 0.5 ) is reached at 25 μM NS1619 (Figure 2B, inset) . When NS1619-induced IbTx-sensitive depolarization of at various NS1619 concentrations was plotted, a similar value of S 0.5 for NS1619 was obtained (results not shown). conditions. An example of the effect of increasing concentrations of IbTx on NS1619-induced respiration and depolarization is shown in Figure 3A . Under all studied conditions, addition of IbTx up to a concentration of 1.5 μM blocked unstimulated, NS1619-induced, and Ca 2+ -induced respiration by up to 4 %, 53 % and 79 % respectively ( Figure 3C ). Similarly, IbTx restored up to 1 %, 46% and 78 % of unstimulated, NS1619-induced and Ca 2+ -induced depolarization respectively ( Figure 3D ). These results indicate low activity of the mitoBK Ca channel in the absence of modulators in isolated potato tuber mitochondria, as IbTx has a slight inhibitory effect. Moreover, the results reveal that IbTx inhibits Ca 2+ -induced mitoBK Ca channel activity (∼ 80 % inhibition) more efficiently than NS1619-induced channel activity (∼ 50 % inhibition), again indicating a nonspecific uncoupling effect of NS1619 on isolated potato tuber mitochondria. The relationship between NS1619-induced IbTxsensitive respiration and various IbTx concentrations reveals that 50 % of maximal inhibition (I 0.5 ) by IbTx is reached at 615 nM, as calculated from the linear regression of a double-reciprocal plot ( Figure 3B, inset) . A similar value was obtained when the effect of increasing IbTx concentration on depolarization was analysed (results not shown).
To exclude an influence of the applied modulators (Ca 2+ , Ns1619, IbTx) on succinate dehydrogenase activity, experiments were also performed with external NADH as a respiratory substrate (results not shown). The results confirm observations taken from the experiments described above (Figures 1-3) .
The findings of the present study strongly suggest the presence of the Ca 2+ -activated potassium channel in the inner membrane of potato tuber mitochondria. To further test this hypothesis, we investigated the effect of Ca 2+ and IbTx on isolated potato tuber mitochondria respiring (with succinate) in incubation media containing different monovalent cations (chloride salts) compared with those incubated in the presence of K + (Figure 4 ) or in the absence of any monovalent cations. In medium deprived of monovalent cations, no Ca 2+ -induced IbTx-sensitive increase in respiration and depolarization were observed (results not shown). Figure 4 shows the influence of increasing concentrations (up to 50 mM) of KCl, NaCl, LiCl, RbCl and CsCl on Ca 2+ -induced IbTx-sensitive depolarization (i.e. the difference between in the presence of 0.8 mM CaCl 2 and in the presence of CaCl 2 and 1.5 μM IbTx). The results indicate that the influence of potassium channel modulators (Ca 2+ and IbTx) on isolated potato tuber mitochondria in the above experiments can be significantly attributed to K + influx through the inner membrane.
Electrophysiological properties of mitoBK Ca channel from the potato tuber mitochondrial membrane
The inner-mitochondrial-membrane-enriched SMPs from potato tuber mitochondria were reconstituted into PLMs. Incorporation of channels into the bilayer was usually observed within 10-20 min after SMP addition to the trans compartment. SMP fractions from five different preparations were used. More than 140 reconstitutions were monitored in the single-channel experiments. Approx. 40 % of the channels incorporated into bilayers showed properties of the large-conductance potassium channels. Figure 5 shows representative current-time traces ( Figure 5B) and current-voltage relationship ( Figure 5C ) for potassium channel opening at different voltages in the 50/450 mM KCl (cis/trans) gradient solutions. The current was measured as a function of applied potential at intervals ranging from + 90 mV to − 30 mV ( Figure 5C ). The calculated ion conductance is equal to 502 + − 15 pS for potential from − 30 to 20 mV and 615 + − 12 pS for potential from + 40 to 90 mV, thus indicating largeconductance potassium channel activity. The reversal potential of + 34 mV calculated from curve fitting to the experimental data indicates that the examined ion channel is cation-selective. All incorporated large-conductance potassium channels were more active at positive than at 0 mV potentials ( Figure 5D ). Sometimes we recorded spontaneous closing of channels at 0 mV and at negative potentials ( Figure 5B ). The activity of such channels could be rescued after applying positive potentials, for example 50 mV.
Substances known to modulate mammalian mitoBK Ca channel activity were used to examine the properties of the K + ion channel observed in our experiments. Figure 6 demonstrates the effect of 300 μM Ca 2+ on the potato tuber mitochondrial large-conductance potassium channels. Figure 6 (A) shows single channel recordings in the 50/450 mM KCl (cis/trans) gradient solutions at 0 mV, before and after addition of Ca 2+ . Ca 2+ caused a transition into an open state that indicates the existence of the mitoBK Ca channel in the potato tuber mitochondrial inner membrane. As depicted in Figure 6 (B), the number of observations of the channel being in an open state changed from 73 % to 86 %. The probability of channel opening (P) at 0 mV potential increased from 0.49 + − 0.07 to 0.84 + − 0.05 (n = 4, P < 0.0076, unpaired t test) in the presence of Ca 2+ ( Figure 6C ). Figure 7 presents the inhibitory effect of IbTx on the potato tuber mitochondrial large-conductance potassium channels. As shown in the representative single channel recording obtained in 50/450 mM KCl (cis/trans) gradient solutions at 0 mV, before and after the addition of 600 nM IbTx, the inhibitor caused a complete transition of the channel protein into a closed state ( Figure 7A ). The number of open-state events changed from 83 % to zero after IbTx addition, as illustrated in the histograms ( Figure 7B ). The probability of channel opening (P) at 0 mV potential decreased from 0.75 + − 0.27 for control recordings to 0.049 + − 0.04 after addition of 600 nM IbTx (P < 0.008, unpaired t test). Moreover, IbTx blocked the channel activity in a dosedependent manner (in a range from 200 to 600 nM) ( Figure 7C ). The apparent concentration of IbTx that provided half-maximal inhibition (I 0.5 ) was approx. 170 nM. In our PLM experiments, 25 % of the channels with a large conductance did not display sensitivity to IbTx (results not shown).
Immunological detection of plant mitoBK Ca channel proteins
Immunoblotting of total mitochondrial proteins, as well as SMPs, allowed immunological detection of the plant mitoBK Ca channel. For this, antibodies raised against the mammalian plasma membrane BK Ca channel pore (α subunit K Ca 1.1) were used. In plant mitochondrial and SMP fractions, a protein band with a molecular mass of approx. 70 kDa was detected using the anti-K Ca 1.1 antibodies ( Figure 8A ). We also used antibodies raised against the mammalian plasma membrane BK Ca channel β subunits. In potato tuber mitochondrial and SMP fractions, anti-sloβ2 antibodies cross-reacted with a single band at approx. 30 kDa ( Figure 8B ). Less sensitive reactivity was observed with anti-sloβ1 and anti-sloβ4 antibodies (results not shown). As shown in Figure 8 , much stronger signals were obtained with SMPs compared with isolated mitochondria using anti-K Ca 1.1 and anti-sloβ2 antibodies, proving that the detected proteins localized to the inner membrane of potato tuber mitochondria. Moreover, specific blocking peptides blocked the antibodyantigen interaction, demonstrating the specificity of the reaction in the Western blot analysis. On the other hand, mitochondrial (isolated mitochondria and SMPs) and plasma membranes probed with antibodies to a plant plasma membrane marker (H + -ATPase) displayed no signal in the mitochondrial fractions, indicating the absence of surface membrane contamination ( Figure 8C ). Therefore, we can conclude that the potato tuber mitoBK Ca channel may contain subunits similar to the α subunit K Ca 1.1 and the β subunit sloβ2.
DISCUSSION
In the present study, we describe for the first time (to our knowledge) the functional properties of the mitoBK Ca channel-like protein in plant mitochondria. Potassium channel activators, Ca 2+ and NS1619, are able to modulate the resting respiratory rate (stimulation) and (depolarization) in isolated potato tuber mitochondria. The opposite responses (respiratory rate inhibition and repolarization) were observed when the mitoBK Ca channel inhibitor IbTx was applied. These effects were dependent on the presence of K + in the incubation medium. Thus, we provide evidence that the observed effects of the mitoBK Ca channel openers are due to activation of electrogenic potassium transport through the mitochondrial inner membrane, probably mediated by a potassium channel belonging to the family of mitochondrial potassium channels previously described in mammalian mitochondria [7, 12] . This is the first study to investigate the electrophysiological properties of the large-conductance potassium channels in plant mitochondria. We used the planar lipid bilayers technique to confirm that large potassium channels are present in the potato tuber mitochondrial inner membrane. The cation selectivity, large conductance (502-615 pS), reverse potential (+34 mV) and sensitivity to Ca 2+ and IbTx of the potato tuber mitoBK Ca channel indicate similarity to the mammalian mitoBK Ca channels previously reported in glioma [8] , skeletal muscle [29] , brain [30] and cardiac [31] mitochondria. However, the ion conductance of the potato tuber mitoBK Ca channel (502-615 pS) is higher than that observed for mammalian mitoBK Ca channels (∼ 260-300 pS). This could be due to highly active K + transport in some plant mitochondria, leading to enormous mitochondrial depolarization (also in potato tuber mitochondria) [14] , which contrasts with mammalian mitochondria in which dissipation seems to be weaker [32, 33] . Moreover, the mammalian plasma membrane BK Ca channel has a higher relative permeability for Rb + than for Na + [34] in contrast with that observed for potato tuber mitoBK Ca channel. However, K + flux is dominant. In addition to the functional studies, the presence of mitoBK Ca channel proteins in potato tuber mitochondria is indicated by their cross-reactivity with antibodies raised against the K Ca 1.1 α subunit of the mouse BK Ca channel and the β-subunit of the human sloβ2 BK Ca channel. This suggests that the mitoBK Ca channel present in the potato tuber mitochondrial inner membrane may be structurally similar to the mammalian BK Ca channel. Namely, it may be formed by the principle pore-forming α-subunit that interacts with an auxiliary β2 subunit. The predominant β2-subunit may determine the channel's activity, including its sensitivity to Ca 2+ and other modulators. The molecular mass of the detected potato tuber proteins (approx. 70 and 30 kDa for the α-and β2-subunits respectively) differs from that of the mammalian proteins from plasma membrane (∼ 125 and ∼ 44 kDa for the α and β2 subunits respectively) [35] , whereas the molecular mass of the α-subunit in mammalian mitochondria is variable, depending on the tissue (55-125 kDa) [31, 36] . The β2-subunit of mitoBK Ca was detected in astrocyte mitochondria [37] . However, the molecular identity (gene and protein sequences) of the mammalian mitoBK Ca channel is presently unknown. On the other hand, the molecular mass of the detected potato tuber mitoBK Ca channel α subunit (∼ 70 kDa) is similar to the plant potassium channel protein from the plasma membrane of Arabidopsis thaliana (76 kDa) [38] .
Our results in the present study demonstrate the presence of a mitoBK Ca channel in plant mitochondria that may function as a possible novel signalling link between intramitochondrial calcium levels and the mitochondrial membrane potential. Ion channels in the mitochondrial inner membrane influence cell function in specific ways that can be detrimental or beneficial to plant cell function. At least one type of potassium channel, the mitoK ATP channel, has been described in plant mitochondria to date [14] [15] [16] [17] . The physiological functions of the plant mitoK ATP channel remain unclear. It may be involved in regulating mitochondrial volume [15] , in programmed cell death [19] and/or in the prevention of reactive-oxygen-species formation [14, 20] . The physiological role of the mitoBK Ca channel in the plant mitochondria described in the present work, which seems to significantly modulate K + mitochondrial distribution, awaits exploration. In summary, in the present study we identified and characterized a novel potassium channel of the potato tuber mitochondrial inner membrane. Pharmacological, biophysical and molecular properties of the potato tuber mitochondrial potassium channel are similar to those of the well-known mammalian plasma membrane BK Ca , including: (i) potassium selectivity and activation by Ca 2+ and NS1619 (a BK Ca opener); (ii) inhibition by IbTx (a BK Ca blocker); (iii) biophysical properties of a large-conductance potassium channel; and (iv) immunoreactivity with antibodies raised against α-and β-subunits of the plasma membrane BK Ca . These properties strongly suggest that a large-conductance calcium-activated potassium channel similar to that of mammalian mitochondria is present in plant mitochondria. The functional and immunoblotting data obtained in the present study demonstrate for the first time the presence of a mitoBK Ca channel in the inner membrane of plant mitochondria.
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